Reuse of wastewater is considered a major source of water retention and improvement in drought prone areas. The water recovered from renewable water resource project is used for many utilities. Here, every application is considered to be an alternative. When assessing, it is necessary to evaluate and assume that all users are safe and helpful. In this way, every alternative assessment is evaluated based on the social acceptance, environmental protection, economy, technology and operation and health risk. Then the best alternative is chosen. When recycled water is recovered and we reuse in water management plants, it can lead to multi-criteria decision making processes related to uncertain critical assessments. In general hesitant fuzzy set is represented by a number of possible values for each of element in a set. Hesitant set is used as a powerful tool to express uncertainty and hesitant information in the decision processor. The aim of this research article is to propose a new methodology of MCDM in hesitant fuzzy (HF) namely, HF-CRITIC (Hesitant Fuzzy Criteria Importance Through Inter-criteria Correlation) and HF-MAUT (Hesitant Fuzzy Multi Attribute Utility Theory) to get hesitant fuzzy information in order to select the best alternative for using reclaimed water use in India. Here, five reclaimed water plants have been identified as alternatives. These alternatives are evaluated with five criteria namely social, economic, environmental, technical/operation and health risk. After evaluation, the result shows that ground water recharge is the best alternative for reclaimed water use.
I. INTRODUCTION
The development of every country on a global scale can be weighed on the basis of water source and health in the country. Wastewater is negative to health. Water management program transforms the water source into a positive water source to improve the use of fresh water. Hence wastewater restored in water management project is considered to be a valuable resource.In the current situation where fresh water conditions are polluted because of increased industries and other pollutions, recycling and use of wastewater is considered to be safe.
Today all countries are looking for various water sources to balance the water shortages due to growing industry and The associate editor coordinating the review of this manuscript and approving it for publication was Muhammad Imran Tariq.
population. Water sources are the primary factor in maintaining hygiene, enhancing industrial growth, increasing agricultural land and minimizing dry land areas. Thus, we believe that recycled wastewater will be a short-term solution to the long-term problem of water shortage that hinders the growth of all sectors of the country. Nowadays, there are various innovative treatments that have been used to restore wastewater. The effluents discharged from various factories, depending upon its chemical composition, have to be treated with appropriate treatment processes. The recovered water can either be potable or non-potable (Schoeder et al., 2012) [56] . For the purpose of biological safety the reclaimed water is reused as scenic water by use of purification processes (Wei, Tan and Du, 2011) [69] such as artificial wetland oxidation pond and similar advanced oxidation process VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ ( Bartolomeu et al., 2013) [5] . In this case, some waste water therapy occurs (anaerobic digestion) when methane is exposed to energy and the rest of the remaining biodegradable materials (biosolids and nutrients) available at the end of treatment are used as fertilizer in agricultural field. Thus the energy received at the end of the treatment is used to improve the efficacy of the wastewater treatment. Therefore, the use of reclaimed water as a means of solving water deficits creates an enhanced community and is a key component of water management plan (Woltersdorf et al., 2018) [70] .
A. LITERATURE REVIEW
International water research management studies have proposed nationalized demands for potable water to meet the rising population and urbanization in many countries such as Australia, America south Africa, etc. Burgess et al. (2015) suggest perspectives of potable water reuse in economic terms [7] . In agricultural water management plan, the economy is also taken into consideration in terms of health, environmental and people's ability to analyze the use of reclaimed water (Licciardello et al., 2018) [38] . Developed countries have designed and analyzed strategies of wastewater treatment and their applications with economic background (Moraales and Tapia, 2019) [41] . Reclaimed water use is considered as the best aim of water recycling. We can see that decision making is a guide to explaining how the infectious removal is a source of water treatment technology (Huang et al., 2015) [73] . A study conducted by Rezaei et al., (2019) [51] assessed water reuse applications by use of multi-criteria framework. In that article, the ecology, social and economics are set as codes among the gap between the recovered water and their use. The reclaimed water reuse is expected to be expended in the coming years as well as for reasons like local drought intensity and regulatory pressure in water supply (Khajuria, 2015) [33] . In this way the government and non-government organizations have established many structures in the reclaimed water reuse in sustainable process such as multi criteria decision making. For example in Triple Bottom Line (TBL) system, the concept of sustainable wastewater treatment technology and reuse to consider all three aspects of economy, environment and societal (Sridhar and Jones, 2013) [58] , (Ibrahim and Ali, 2016) [26] . Under these circumstances, some researchers estimated the use of reclaimed water, including complicated factors, to develop new TBL structures in the form of low cost, advanced waste water treatments and the reduction of greenhouse gas emissions (Schimmoller et al., 2015) [56] . Though recovered water is a main source of water in irrigation, it should also ensure that they do not affect the quality of irrigation and agricultural produce (Reig et al., 2014) [43] . Although reclaimed water is considered the best source of water for irrigation, how its affects irrigation and the quality of agricultural products used is also important in the study of farmers advice (Carr et al., 2011) [13] . The study of positive, economic, environmental and cultural implications for the restored wastewater is on the rise universally. It assesses the views of farmers using recovered water through many decision making technique (Neji et al., 2014) [8] . With the recovery of water through reclaimed water, the water sources are available with nutrients and minerals that feed crops and increase yield (Trinh et al., 2013) [61] . Nowadays all countries have started to use reclaimed water to control global warming. Thus all countries such as Britain, have access to higher treatment methods such as filtration, reverse osmosis and UV radiation for water reuse planning (Nikolaos Voulvoulis, 2015) [65] . Although recycled water is new, it can be said that the nature of this water is in line with the quality of the fresh water and has the ability to make the awareness and the acceptability of the approach. Thus many research articles have noted to review many recycling water projects that have failed in public accessibility and factors for their failure. Furthermore, these articles have discussed in detail the development of advanced technologies and the use of recycled water as safe for stabilizing people's accessibility (Fielding, 2018) [20] (Paranychianakis, 2015) [46] . When analyzing reclaimed water use in agriculture, it is necessary to analyze the quality of the products, the nature of farmland and the nature of cultivated crops as well. In this way, many problems and questions may arise when used in the agricultural sector with reclaimed water. Therefore Ganoulis (2012) followed MCDM as a risk analysis model [22] .
The mathematical tool MCDM plays an important role in operations research. Bhole and Deshmukh, (2018) [6] informed about all MCDM methods like, AHP, TOPSIS, PROMOTHEE, ELECTRE, GP, MAUT/MAVT with their applications in various fields. A MAUT (Multi-Attribute Utility Theory) system is considered as the method of MCDM sensitivity, such as AHP system (Freitas et al., 2013) [21] . When analyzing a problem solving, it is necessary to evaluate the criteria based on the priorities to identify the alternatives. The MAUT method is used to compute the importance and rate assessment. Hence it is considered to be the best ranking method among MCDM problems (Velasquez and Hester, 2013) [64] . Multi Attribute Utility Theory(MAUT) was developed by Keeney (1976) [31] . Dyer et al. (1992) [18] presented future of MAUT theory in multiple criteria decision making analysis. In decision making process CRITIC method prefers the priority in the contract structure of the problem. CRITIC was proposed by Diakoulaki et al. (1995) [17] CRITIC method has been utilized for assessing the relationship between the criteria and calculates the objective weights of them. It finds the contrasts between criteria by use of correlation analysis (Yilmaz and Harmancioglu, 2010) [76] . Madic and Radovanovic (2015) [39] used ROV and CRITIC method in MCDM for ranking of machining processes.
The great mathematician Zadeh, known as the father of the fuzzy set theory, has created a vague set theory to solve inaccurate and obscure information or incomplete data (Zadeh, 1965) [77] . The fuzzy set theory has been considered as the best mathematical theory helps solving all kinds of problem. Nowadays fuzzy set theory has been developed in all real application fields as an improved fuzzy set theories such as intuitionistic fuzzy set theory, interval valued fuzzy set theory, hesitant fuzzy set theory, Pythagorean fuzzy set theory, neutrosophic fuzzy set theory etc. In a few difficult cases, members in a set of decisions will have to give suspicion and uncertain hesitation in giving their values. The hesitant fuzzy set (HFS) will provide a few different values instead of one membership fuzzy value in the difficult environment in which to estimate value (Torra, 2010) [62] . HFS permits to review the value of membership degree by a set of possible values between 0 and 1. Zhou et al. (2018) [79] explained wastewater treatment plans in group decision making model. They introduced improved fuzzy set theory i.e., intuitionistic fuzzy set theory in MCDM model. Shakeri and Nazif (2016) employed a fuzzy VIKOR method for risk evaluation in recovered wastewater reuse replacements. Hadipour et al. (2015) evaluated reclaimed water use application by MCDM model based on AHP method for this they considered five alternatives of wastewater reuse (ground water recharge, environmental use, Industries, landscape use and agricultural use) among four criteria (technical, economic, societal and environment) by making case study in Iron. From the above review of literature given in the tables (2) and (3), we consider that proposed methods have not been used in any study with the hesitant fuzzy environment yet. In order to fill these gaps in the literature, the present study developed hesitant fuzzy MAUT with hesitant fuzzy CRITIC method approach to account for reclaimed water use characteristics and, thereby, evaluate their usability. We have also compared our proposed methods with existing MCDM methods HF-MOORA and HF-VIKOR. The results of compared solutions and ranking orders are provided. We have also analyzed the two cases in terms of the importance of the criteria in the sensitivity analysis.
The present contributions of this research work in this MCDM technique are as given below:
• MCDM and hesitant fuzzy set theory: We propose a new methodology for multi-criteria decision methods with hesitant and vague information, called HFS (Hesitant Fuzzy Set). In particular we developed a MCDM system that selects two methods via., one for weight finding technique and the other for ranking the alternatives. They are, respectively, HF-CRITIC and HF-MAUT. Moreover, in these two methods, each criterion can have its own set of available hesitant fuzzy membership values.
• Hesitant Fuzzy Set theory application in Reclaimed water Management: We have analyzed and evaluated the above mentioned application of reclaimed water use based on their social acceptance, environmental production, economic, technical /operation and health risk. Here we have chosen one of the most useful applications of reclaimed water with the help MCDM methods clubbed with hesitant fuzzy set theory.
From the literature survey, we choose these two mathematical models and solve the problem of the best reclaimed water selection problem.
The motivation of this study is to select the use of a new water source. Many of the more complicated factors and hesitation may arise when you study the water sources. We have introduced a new mathematical logic system to select the reclaimed water as good sources of water and select the best possible use. We have selected CRITIC and MAUT systems that are considered as best practices in the mathematical logic of the problem solving. Many reflexive and vague ideals can arise when decisions about their use are considered. We have used HFS in the MCDM method selected in a mathematical logical way to deal with this complex environment. Further, we selected five alternatives using the reclaimed water and selected a better model to analyze the factors based on the purpose of their applications.
II. PRELIMINARIES
In this section, we briefly review some basic definitions related to the proposed CRITIC and MAUT method in hesitant fuzzy environment, the definitions, operations and theorems given in this review are required for the main sections.
Definition 1 [63] : Let F be a fixed set. Then hesitant fuzzy set on F is a subset of [0, 1]. A hesitant fuzzy set can expressed by the mathematical symbol
where α( ) represent a hesitant fuzzy element. These values include some set of values between [0, 1], denoting the possible membership degrees of the element ∈ F to the set E.
Definition 2 [19] : The two hesitant fuzzy elements φ 1 = ω 1 ∈φ 1 {ω 1 } and φ 2 = ω 2 ∈φ 2 {ω 2 } are said to be comparable and denoted by
Definition 3 [72] : For a hesitant fuzzy element S yy (g) = 1 #g ω∈g ω is called the score function of g 1 , where #g is the number of the elements in g. For two hesitant fuzzy elements g 1 and g 2 , if S yy (g 1 ) > S yy (g 2 ), then g 1 > g 2 , if S yy (g 1 ) = S yy (g 2 ),
then g 1 is equal to g 2 . Definition 4 [19] :
j=1 be a HFE where l(g) returns the number of values in h, here score function S of a hesitant fuzzy element g is defined as follows,
j=1 is a positive-valued monotonic increasing sequence of index j.
III. PROBLEM FORMULATION A. OPERATORS OF HESITANT FUZZY ELEMENTS & PROPERTIES OF SCORE FUNCTION
Let g, g 1 and g 2 are be given hesitant fuzzy elements, then the followings are hold. Given three hesitant fuzzy elements represented by [62] & [72] ,
From the operators of hesitant fuzzy elements, the properties of score function are given,
Proof:
Thus the proof is complete.
.
Proof: II(a) By use of Theorem 1((iv),(i)) and operators of hesitant fuzzy elements (l) respectively, we get
By use of Theorem 1((iv),(i)) and operators of hesitant fuzzy elements (m) respectively, we get
Definition 6 [78] : Let two hesitant fuzzy sets U and V on W = {w 1 , w 2 , w 3 , . . . , w n }, C(U , V ) is called the correlation co-efficient between U and V , if C(U , V ) satisfies the following properties,
Moreover, the weights of each element w i ∈ W should be taken into account in some situations, we introduce the weighted correlation co-efficient on HFSs. Definition 7 [78] : Let us assume that the weights of the
the weighted correlation co-efficient defined as follows,
where λ > 0, C 1 (U , V ) and C 2 (U , V ) are given as follows,
IV. MAIN RESULTS
A. PROPOSED HESITANT CRITIC METHOD CRITIC ( Criteria Importance Through Inter criteria Correlation) method is one of the weight finding method which calculates the objective of criteria weights. (Dia, et al., 1955) introduced CRITIC method. Now, here we proposed improved CRITIC method, called HF -CRITIC method. Because when finding the weights of each criteria, the values are consider as hesitant fuzzy values. We hope this HF-CRITIC weight finding method is suitable for MCDM model. The hierarchical structure of proposed method is shown in Fig:1 .
In this proposed method, m is alternatives A i (i = 1, 2, . . . , m) and n is selection criteria C j (j = 1, 2, . . . , n). Then, the procedure of proposed HF-CRITIC method is given below.
Step 1: Construct the decision matrix by using eqn(1)&(2). The decision matrix values are shown in Table 4 :
Step 2: Determine the score function of HF desicion matrix
Step 3: Normalized the decision matrix by using the following equation.
H * ij is the hesitant normalized performance value of i th alternative on j th criteria.
Step 4: Determining the criteria weight, by using of standard deviation of criteria and correlation of criteria. Here, the weights of criteria are denoted as (w j ) is obtained as;
where, Q j is the quantity of information about the criteria.
Here, above mentioned σ j is represent the standard deviation and c ij is represent the correlation between the two criteria. CRITIC weight finding method shows the higher weights of criteria, higher values of standard deviation and low values of correlation with other criteria.
B. PROPOSED HESITANT MAUT METHOD
Multi Attribute Utility theory(MAUT) method is only one part of MCDM. The MAUT method is correlated with AHP method. But, these two methods are different from their decision. AHP (Analytical hierarchy process) is a popular method of the MAUT. The MAUT and AHP evaluation measurements have two different approaches in different assumptions. The main attribute of AHP system comparison of variations depends on the various guidelines, the pair-wise comparison are used by evaluating basic values. The AHP method is one of the important methods in MCDM process. The MAUT method faces the problems of relationships between criteria and their alternatives. The MAUT method procedures are elaborated in the following steps. The hierarchical structure of proposed method is described in Fig:2 .
Step 1: The decision making problem criteria and alternatives are constructed.
Step 2: Weights of criteria are formulated by using critic method.
Step 3: Hesitant decision matrix H is created by using selected criteria and their alternatives.
h ij represents the selected criteria and alternatives of the Hesitant decision matrix.
Step 4: Construct the utility function for selected criteria. The utility function calculation is dependence on the beneficial and non-beneficial criteria. i = 1, 2, . . . , m and j = 1, 2, . . . , n.
i = 1, 2, . . . , m and j = 1, 2, . . . , n. V j (h ij ) is the normalized criteria values determined from single-attribute utility functions on normalized scales. V j is represent the utility function of beneficial and non-beneficial criteria.
Step 5: After determine the utility function for each criterion, we have to calculate, the integrated utility of each alternative.
Here, V (A i ) is denotes the utility function of each alternative, w j is denotes the weight of criteria, h ij is hesitant decision matrix. V ij is denotes the utility function of each criterion. This is one of the outranking methods of MCDM.
V. PROBLEM DESCRIPTION
In this section, we propose the new HFMCDM method to analyze the application of reclaimed water use. Water is the primary source of human life, agriculture and country development. India is the world's most groundwater dependent country. India uses 230 cubic meter of ground water per year. According to a United Nations report, India is the largest consumer of underground water in the world. But it is important to note that groundwater in India goes down considerably than any other country. In India, 60% of irrigation water depends on underground water, more than 80% of the country's total water use. Almost 30% of urban water supply and 70% of rural supply are obtained through groundwater. Hence water availability is three times less in the last two decades. India's wastewater market has seen a growth from 8% to 10% during 2015-2020. Therefore, India's wastewater treatment will be better developed in years to come. The National Water Mission of India targets to reduce water consumption by 20% in all sectors by 2030. To meet this, it is critical to conserve, recycle and reuse water. Reclaimed water is considered as an excellent factor in solving water shortages. Reclaimed water is used for various applications such as A 1 -Groundwater Irrigation reuse, A 2 -Agricultural reuse, A 3 -Urban reuse, A 4 -Industrial reuse and A 5 -Environmental reuse. When using reclaimed water, the best use grew from on the purpose of the application and the criteria. Here, we selected the five criteria from the review of literature. The criteria are C 1 -Social, C 2 -Health risk, C 3 -Environment, C 4 -Technical operation and C 5 -Economic.
A. IDENTIFICATION OF RECLAIMED WATER ALTERNATIVES 1) GROUND WATER IRRIGATION REUSE (A 1 )
Ground water is the primary water source among the current water resources. The water management department is engaged in a variety of schemes that are forced to recharge the groundwater in order to receive the underground water conditions. In natural methods, the ground water level can be enriched. For example, the surplus water and the rain water in nearby areas of the lake can be concentrated in flood waters. Filling the ponds in dry areas with surplus water during flooding can increase the level of ground water in the area. Waste-water recovery and groundwater are better sources of water than the water available from polluted natural sources. These plans help to deal with drinking water shortages.
Increasing population growth and number of factories have increased the amount of water consumption and discharge of water. Improvement of the amount of underground water to equate the water shortage with discharged waste water plays an important role in balancing the motion of land layers. The groundwater restructuring, reducing groundwater breakdown, preserving groundwater from salinization and preserving water on the surface for future use are considered to be important. The restoration of waste water can be set as a major source of water for this restructuring.
2) AGRICULTURAL REUSE (A 2 )
Around one-third of the world's agricultural farms are irrigated. Water is dwindling by the amount of water used in the environment today and in terms of the advanced lifestyles of human beings. Dry atmosphere in many parts of the world threatens future agricultural irrigation. In todays scenario, water consumption for personal use has increased and the amount of exhaust water is increasing. Thus recycling the discharged waste water and using agricultural irrigation can protect agricultural water resources. Furthermore, recycled waste water may have significant nutrients. However, recycled water does not cause any crop production or quality of price. Thus, the waste water from the urban areas can be converted into agricultural farms by increasing the production of crop in the dry areas.
3) URBAN REUSE (A 3 )
Water shortage in urban areas is considered a global problem. Sewage treated would be a solution to fix these problems. The sewage treated water for urban areas is used as two types of distribution system, such as portable and non-portable. Using refined waste water through high quality treatment for urban purpose is called portable waste water reuse. These are used in places where drinking water (restaurants, hotels, clubs, hospitals) are involved. The restoration used for other water use except drinking water is called non-portable. For example, gardening, schools, parks, artificial water flow, entertainment parks, wildlife conservation, factories and cleaning service, etc., use a great source of water.
4) INDUSTRIAL REUSE (A 4 )
Recycling of waste water from industry and utilizing in various categories of industry are opportunities to correct the water deficit. All the industries that have grown up in recent years are exposed to various waste materials. Therefore, recycling of waste is essential. Such recycled waste has been used for the production of factories for heating and refrigeration. Generally, the nature of waste is the best solvent because it plays an important role in the factories. for example, power station, boiler feed, steal production, oil refining, cooling, dust control, soil compaction and textile dyeing. Moisture in raw materials used in factories is essential for their formation. Furthermore, water acts as a waste disposer in many industries. It is impossible to meet the water requirements from naturally available water sources. Therefore, the demand for waste water recovered by recycling plays an important role in the industries.
5) ENVIRONMENTAL REUSE (A 5 )
Environment features are also part of the daily needs of the people. Waste water restoration is an excellent solution to the existing freshwater sources. It maintains their livelihood and sustainability. Thus, the use of recycled waste water for artificial waterfall, stream flow, parks, lawns, snow making and many recreational facilities are considered as a sophisti- cations. Maintaining moisture of the soil with restored water can also control natural pollution. Wetlands are considered as key factors in maintaining the nature. In this way the use of restored water can increase the use of wetlands and make the environment more attractive and contaminate the pollution. The selected alternative are shown in Fig:3 .
B. IDENTIFICATION OF RECLAIMED WATER CRITERIA
The water management scheme typically involves a variety of ideas. In this way, many of the more complex criteria can be found when looking at the usability. In this research article we have taken five alternatives to use the reclaimed water. Each selected option is analyzed according to the following five criteria. The hierarchical structure of selected criteria are shown in Fig:4 .
VI. NUMERICAL ANALYSIS
Here, we create a decision matrix by the use of hesitant fuzzy values. The hesitant fuzzy decision matrix values are shown in Table 5 . In hesitant decision matrix all the values are in ascending order and we develop the hesitant decision matrix values for five alternative and five criteria.
A. HF-CRITIC METHOD
In this subsection HF-CRITIC method is used for finding the weights of each criterion. By using (3), we evaluate the hesitant score matrix. The sum of the hesitant decision matrix represents the hesitant score matrix. The hesitant score matrix values are shown in Table 6 .
By using (4), we calculate the normalized hesitant decision matrix. the value of normalized hesitant decision matrix are shown in Table 7 . Determining the criteria weight, by using of standard deviation of criteria and correlation of criteria. Here, the weights of criteria are denoted as (w j ) is obtained by using (5) . The pairwise comparison of each criteria and standard deviation values are shown in Table 8 . CRITIC weight finding method shows the higher weights of criteria, higher values of standard deviation and low values of correlation with other criteria. By using (5)& (6), we calculate the weights of criteria and the quantity of information about the criteria values are given in Table 9 .
B. HF-MAUT METHOD
Here, HF-MAUT method is used for ranking the alternatives. First, we have to derive the utility function of each criteria. The utility function of each criteria is based on beneficial and non-beneficial criteria. By using (7) & (8), we get the values of utility of each criteria. The results are shown in Table 10 .
After finding the utility function of each criteria, the integrated utility of each alternative are assigned by using (9) . The weights of each criteria is evaluated from HF-CRITIC method.The integrated utility of each alternative values are shown in Table 11 . Based on the Table 11 , we sorted the alternatives. The ranking order of the alternative is
A 1 is the best alternative for reclaimed water use.
VII. COMPREHENSIVE DISCUSSION ON THE RESULTS
Five alternatives of reclaimed water use were evaluated using the proposed approach. To maximize the potential of this study, we need to consider two more issues related to the proposed approach. Firstly, to address the issues in the assessment of reclaimed water use, it is important to consider the influence levels of criteria weights in the MAUT method. Hence, two types of sensitivity analysis should be conducted. Sensitivity analysis is conducted to investigate the influence levels of criteria weights. Then, sensitivity analysis for criteria weights in H-MAUT method can be progressed to know which alternatives are affected significantly by utility values. Secondly, to verify the reliability of the proposed approach in this study, it is necessary to compare the results of the analysis with that of the existing methods. Validation by comparison with other existing HMCDM methods can exhibit the advantage of the proposed approach. Sensitivity analysis and validation of results are therefore conducted.
The MCDM analysis with AHP method has been used by some researchers in selecting the alternative of reclaimed water use. Hadipour et al. (2015) analyzed the alternative use of reclaimed water with four criteria, viz., social, economic, technical and environment by use of MCDM technique with AHP method and selected the best alternative use of reclaimed water use.
In this research article, the criterion weight for each selected alternative was determined using the CRITIC method equivalent to AHP. When discussing the CRITIC system with AHP, the CRITIC method involves pair wise comparison by the calculation of standard deviation and correlation co-efficient. From this discussion, the CRITIC method is considered as an AHP system, but its algorithm is considered an advanced weight finding technique. Furthermore, Hadipour et al. (2015) have analyzed on the basis of social, economic, environmental and technique while selecting the reclaimed water applications and selected the best use. Here, we have analyzed another important criterion, viz., health risk with the four criteria mentioned above in the review and selected the best possible alternative for reclaimed water use. We have also introduced our best ranking method, MAUT with hesitant fuzzy set theory and the best weight finding method, CRITIC with hesitant fuzzy set theory. Because the use of hesitant fuzzy set theory in this application, we decided to choose the usage of reclaimed water in complex situations and analyzed the vague and hesitant thoughts.
From above review of literature, a few researchers have used fuzzy set theory with application of reclaimed water use. For example, Shakeri (2016) analyzed the risk assessment multi criteria decision making model by use of VIKOR method. Zhou et al. (2018) introduced intutionistic fuzzy set in group decision making for selecting the best alternative for waste water reuse. Reclaimed water, considered as a source of water management system is one of the most important considerations. We believe that the problem solving system with the hesitant fuzzy set theory is the best support in finding the source of water in a complex environment. Here the complexity of their refining methods, the use of fields, the quality of reclaimed water and more complicated concepts are being retrieved.
In the review of literature, the MCDM with hesitant fuzzy environment in the reclaimed water plan has not yet been discussed. Therefore, according to our research paper, hesitant fuzzy MCDM is the best problem solving technique to analyze each alternative based on social acceptance, environmental production, economic, technical and operation and health risk in the use of recovered water application and also select the best alternative.
A. SENSITIVITY ANALYSIS
The sensitivity analysis in this study is to alter the weights of non-beneficial criteria of reclaimed water use, and the MCDM method is considered important for reliability of the model. In this paper, the best use of reclaimed water alternative is selected based on five criteria (C 1 -Social acceptance, C 2 -Health risk, C 3 -Environmental feasibility, C 4 -Technical operation, C 5 -Economic). Moreover, here for finding criteria weights, HF-CRITIC method is used. In this method the pair wise matrix of criteria is based on the analysis of standard deviation and correlation coefficient. For finding the alternative ranks, HF-MAUT method is used. These rankings depend on weights of each criterion and also each alternatives was analyzed in terms of beneficial criteria and non-beneficial criteria. Here, C 1 -Social acceptance, C 3 -Environmental feasibility and C 4 -Technical operation are accounted as beneficial criteria and C 2 -Health risk and C 5 -economic are accounted as non-beneficial criteria. In this application of reclaimed water use selection, the non-beneficial criteria C 2 -Health risk and C 5 -Economic are analyzed by altering these two weights and the results are shown by the following two cases.
In reclaimed water use, the best solution can be found when analyzing not only the positive criteria like social, environmental production and technical operation but also the non-beneficial criteria like health risk and cost. Each of these can produce the best possible compromise alternative when it comes to its importance.
Case (1): In this case the criteria C 2 is considered health risk and C 5 is considered as economic. Health risk is one of the primary concerns in reclaimed water use application. We cannot undertake reclaimed water use on a purely C 5economic basis. So in our sensitivity analysis we consider, C 2 -Health risk is made up of first place and C 5 -economic is second. In this case the ranking result was produced by the Table 11 and the weights of criteria are taken from the Table 9 . The ranking order is given as:
when C 2 = 0.187 and C 5 = 0.111. The sensitivity analysis of case (1) result is shown in Fig:12 .
Case (2): In this case the weights of criteria are altered, i. e., criterion C 2 is considered as economic and C 5 is considered as health risk. Here, we consider C 2 -economic is made up of first place and C 5 -health risk is second. From the use calculation section (IV), this alternative structure is analyzed in both weight finding (HF-CRITIC) and ranking (HF-MAUT) methods. In this case, the ranking values of alternatives are showing in the following Table 12 . And the ranking order is given in the following,
when C 2 = 0.111 and C 5 = 0.187. Therefore, the above two cases of sensitivity analysis shows us that the best alternative of reclaimed water use is based on the importance (here, we say weight) of both the economic and the health risk. Moreover, the importance of these two is based on the criteria weights, which clearly indicate that the ranking order will change when the weight values of C 2 and C 5 are changed. So in terms of sensitivity, we believe that we can choose the best alternative of reclaimed water use if the weight finding system is based on the importance given in case (1) . The sensitivity analysis of case (2) result is shown in Fig:13 .
B. VALIDATION OF RESULTS
We compared the proposed results with existing MCDM methods to the same data for the validation test. For the validation, the proposed criteria weights is applied to other existing MCDM method. Here the weights are obtained by HF-CRITIC method. The comparison results are given in Table 14 . The ranking order are given in Table 15 . It shows that the results calculated by applying the proposed are somewhat similar to those existing methods. The results of proposed ranking with existing HF-MOORA is exactly same. The reason for this result is that existing MCDM method such as VIKOR did not reflect in the proposed HF-MAUT method. However, the proposed HF-MAUT method attached a utility value to each alternative and ranks alternatives by considering their utility namely contributions of each criterion. Therefore, more accurate results can be obtained by using the proposed approach compared with other MCDM methods. The comparison results are shown in Fig:14 .
Despite all the features and applicability of the proposed method, there are some limitations to suggesting a path for future research. First, by integrating the proposed approach into a computer-aided decision support system, an automated calculation system can be constructed. Secondly, in this study only considered five criteria for evaluating. Future studies could apply the proposed approach based on considering much more criteria including operational time, political and hygienic and safe criteria. Thirdly, the future study will integrate other significant impact criteria including the risk based criteria by using risk-based MCDM approach. Finally, other advanced fuzzy logics including proportional hesitant fuzzy sets can be applied to handle more uncertainty and various fuzzy logics can be compared to analyze the effectiveness.
VIII. CONCLUSION
In this research paper, we have chosen the MCDM system to choose the best alternatives based on a number of criteria as a problem solving in this research paper. In addition, we have chosen the MAUT method to sort the problem selected by their respective ranking system. When analyzing the problem based on their many properties, the decision makers must provide values for each criteria contained in the problem. Thus, when the decision makers give their opinion or feedback the reluctance and vague values may occur. We hope hesitant fuzzy set will create a system that gives values for vague and hesitant thinking in this complex environment. So, in this research paper, we have introduced the hesitant fuzzy set in MAUT and CRITIC methods of multi criteria decision making problem. Here, HMCDM model has been applied to choose the best alternative for reclaimed water use application in India. The best alternative is the choice of five main criteria. Based on the proposed mathematical model, the A 1 (Groundwater irrigation) is the best alternative. When reclaimed water is used for groundwater irrigation, the drought prone area will be reduced. Based on these, the quality of India's agriculture will be increased and water shortages will be reduced.
